Background TKA can involve substantial bleeding, and the issue regarding whether vacuum drainage should be used during TKA continues to be debated as both methods have disadvantages. Questions/purposes We therefore asked whether subcutaneous indwelling vacuum drainage is advantageous over intraarticular indwelling vacuum drainage in terms of blood drainage, bleeding-related complications, and functional outcomes in primary TKA. Patients and methods We randomized 111 patients undergoing TKAs to have either a subcutaneous indwelling or an intraarticular indwelling catheter and compared the two groups for blood loss (hemoglobin decrease, transfusion requirements, hypotension episode), incidence of wound problems (requirements for dressing reinforcement,
Introduction
Substantial bleeding may occur at intraarticular and subcutaneous sites after TKA [11, 17, 24, 32, 40, 43] , and this can result in blood transfusion, which has been associated with many complications [5, 6] . In addition, excessive bleeding may lead to intraarticular or subcutaneous hematoma formation, which can impair wound healing, restrict mobilization, and increase the risk of deep infection [18, 22, 31] . Vacuum drainage is commonly used after TKA with the intent of preventing intraarticular or subcutaneous hematoma formation and thus decreasing the likelihood of delayed recovery of motion arc, prolonged drainage, and wound infection [7, 18, 22, 29, 30, 44] .
There are two schools of thought regarding the use of vacuum drainage after TKA: to use indwelling vacuum drainage in the intraarticular space [18, 22, 29, 44] or to not use any form of vacuum drainage [1, 3, 10, 15, 20, 23, 28, 30, 35, 36] . Intraarticular placement of a vacuum drain can reduce undesirable blood accumulation and thus prevent intraarticular or subcutaneous hematoma formation [18, 22, 29, 30] . However, it can increase blood loss and induce circulatory instability owing to acute blood drainage through the drainage system, which increases the likelihood of postoperative blood transfusion [15, 20, [28] [29] [30] 35] . However, the nonuse of an indwelling vacuum drain, owing to a tamponade effect, can reduce total blood loss but also can increase bleeding into dressings and cause wound complications [18, 22, 29, 30] . Therefore, both approaches have limitations, and the issue of vacuum drainage after TKA remains a matter of debate. Nonetheless, many arthroplasty surgeons routinely place an intraarticular indwelling vacuum drain [2, 7, 8, 12, 13, 16, 21, 23, 25-27, 33, 34, 37, 38, 41-43, 45, 47] .
We speculated subcutaneous indwelling closed-suction drainage might offer a beneficial alternative to intraarticular indwelling closed-suction drainage and address the shortcomings of both methods: it might provide an intraarticular tamponade effect as the joint is not drained and yet have a drainage effect subcutaneously. Subcutaneous indwelling closed-suction drainage has been used in other types of surgery including breast and thyroid [9, 39] . We have used the subcutaneous indwelling method for 3 years and have noted no particular problems with blood loss or wound complications. We are unaware of other reports for this application.
Accordingly, we compared subcutaneous indwelling closed-suction drainage and intraarticular indwelling closed-suction drainage in terms of hematologic parameters including blood drainage, bleeding-related complications, and functional outcomes in primary TKA. We hypothesized the subcutaneous indwelling method would reduce blood loss with comparable functional outcomes and wound problem incidences.
Patients and Methods
We randomly allocated 111 patients (111 knees) with advanced osteoarthritis scheduled for unilateral TKA during the 12-month period from May 2006 through April 2007 to either the subcutaneous group or intraarticular indwelling group using a computer-generated randomized table. The randomization table in permuted blocks of four and six was created by a statistician who was independent of this study. Patients and surgeon were unaware of block sizes. The patients and an independent investigator (SWY) who collected all clinical information prospectively were kept blind to the randomization until final data analyses. We excluded patients undergoing revision or simultaneous bilateral primary TKAs, patients with a diagnosis other than primary osteoarthritis, and patients with coagulation disorders. Fifty-four patients were assigned to the subcutaneous indwelling group and 57 to the intraarticular indwelling group. We performed an a priori power analysis for Student's t test and for Fisher's exact test, which were to be used for the comparisons between the two groups at an alpha level of 0.05 using the PS program (http://biostat. mc.vanderbilt.edu/wiki/Main/PowerSampleSize) [14] . We regarded the following differences as clinically meaningful: greater than 50 mL in drained volume, 0.5 mg/dL in hemoglobin level, 10% in the incidence of bleeding-related wound problems, 10°motion arc, and 10% of maximum points in functional outcome scales. These analyses indicated sample sizes of 36, 32, 110, 32, and 18 were required for each group to achieve significance in the above clinical differences, respectively, indicating, with the exception of the incidence of wound problems, the cohort size (n = 111) was adequate. We observed no demographic differences in the two groups ( Table 1) . No patients were lost to followup. All patients were seen 12 months postsurgery to collect data for this study. Informed consent was obtained from all patients, and the Institutional Review Board at our hospital approved the study protocol. The study protocol was registered at ClinicalTrial.gov (identifier: NCT00916331).
Surgeries were performed by one surgeon (TKK) using the standard medial parapatellar approach, under spinal anesthesia, and using a pneumatic tourniquet. All knees were implanted with the same prosthesis (Genesis 1 II posterior-stabilized type; Smith & Nephew, Memphis, TN), and all prostheses were fixed with cement. After cement application, the tourniquet was released to allow arterial bleeders to be electrocoagulated. In the intraarticular indwelling group, a vacuum drainage system In the subcutaneous indwelling group, a vacuum drainage system was placed in the subcutaneous space (below the medial skin flap) after joint capsule closure ( Fig. 1 ). We closed the subcutaneous layer with an interrupted suture technique using Number 2 Vicryl 1 sutures. The skin was closed using a metal stapler, and an elastic compression dressing then was applied. In the subcutaneous indwelling group, vacuum drains were kept open constantly whereas, in the intraarticular indwelling group, they were opened after 2 hours of clamping. All drains were removed in both groups 24 hours postoperatively during first dressing changes; wound dressings subsequently were changed every other day. However, when a dressing was saturated, it was changed or reinforced regardless of the schedule.
The same blood transfusion, prophylactic antibiotic, and thromboprophylaxis guidelines were used for all patients. Allogenic blood transfusion was performed if hemoglobin decreased to less than 7.0 mg/dL or if anemic symptoms developed, such as a decrease in blood pressure to less than 100 mmHg, tachycardia greater than 100 beats/minute, or a low urine output less than 30 mL/hour, even after volume replacement with 500 mL normal saline in patients with a hemoglobin level between 7.0 and 8.0 mg/dL [29, 32] . Allogenic transfusion was not performed when the hemoglobin level was greater than 8.0 mg/dL. All patients were given 1 g first-generation cephalosporin 30 minutes before skin incision and were covered for 24 hours with three additional doses. All patients were given low-molecular-weight heparin (enoxaparin 40 mg) subcutaneously daily from Postoperative Days 1 to 7.
All patients underwent the same postoperative rehabilitation protocol. Patients learned how to perform quadriceps-strengthening exercises and how to use a walking aid at a physiotherapy unit preoperatively and were encouraged to perform quadriceps-strengthening exercises postoperatively in the ward during the first postoperative day. One day after surgery, patients were allowed to walk to the toilet using a walking aid and received a 50-minute continuous passive motion (CPM) session with a ROM of 0°to 30°. CPM sessions were continued for 2 weeks postoperatively, and ROMs were increased gradually as tolerated. Patients began to dangle their legs and perform active ROM exercises from the second postoperative day and underwent a daily physiotherapy session at our rehabilitation center from the third to the fourteenth postoperative days. Patients typically were discharged 2 weeks after surgery unless they wanted to go home earlier or had medical conditions develop that required an additional hospital stay.
All patients were evaluated to collect data relating to hematologic parameters including blood drainage, wound problems, and functional outcomes at 12 months after surgery. Total drainage volumes were monitored over 24hour periods. Hemoglobin levels were checked at 2 days, 5 days, 2 weeks, 6 weeks, and 3 months postoperatively, and hemoglobin decreases versus preoperative levels were checked on the second and fifth postoperative days. In addition, hemoglobin recovery was calculated at 2 weeks, 6 weeks, and 3 months postoperatively versus the fifth postoperative day, when hemoglobin levels typically were lowest. Furthermore, incidents of postoperative hypotension, which we presumed were associated with rapid blood loss via indwelling drainage, were recorded. A hypotension episode was defined as a systolic blood pressure less than 90 mm Hg or as 30 or more points lower than a previous systolic blood pressure. When wound dressings were changed, we noted the presence of any bleeding-related wound problems, including oozing persisting beyond 2 days after surgery, subcutaneous hematoma (requiring aspiration or surgical drainage), hemarthrosis (requiring aspiration or surgical drainage), ecchymosis (larger than 3 cm in diameter), and wound infection (requiring additional treatments such as antibiotics coverage or surgical debridement). The decisions to perform aspirations or surgical debridement were made at the discretion of the operating surgeon (TKK) considering clinical scenarios. If a dressing had been reinforced or changed because it was saturated, this was noted. In addition, patients were evaluated preoperatively and 12 months postoperatively for knee motion arc (flexion contracture and maximum flexion), and the following scoring systems were applied: the American Knee Society (AKS) knee and function scoring system [19] , the WO-MAC scoring system [4] , and the SF-36 scoring system [46] . The same clinical research assistant measured the knee motion arc to the nearest 5°using a standard clinical goniometer, with the patient in the supine position.
The two study groups were compared with respect to blood volumes collected via indwelled drains, changes in hemoglobin levels at 2 and 5 days and at 2, 6, and 12 weeks postoperatively, requirements for allogenic blood transfusion, and bleeding-related wound problems (dressing reinforcement, oozing, subcutaneous hematoma, hemarthrosis, ecchymosis, infection), and functional outcomes (motion arc, AKS knee and function scores, WOMAC scores, SF-36 scores). The Kolmogorov-Smirnov test was used to determine whether continuous variables were normally distributed. Fisher's exact test or the Yates chi square test was used to analyze categorical variables. Student's t test was used to analyze continuous variables for normally distributed data, and the Mann-Whitney U test was used for nonnormally distributed variables (preoperative and postoperative maximum flexion, preoperative and postoperative AKS scores, and preoperative and postoperative WOMAC scores). We used analysis of covariance (ANCOVA) to adjust for the effects of preoperative differences on continuous outcome variables. In addition, to evaluate the confounding effects by differences in operation time, we compared mean operation time and found no difference (p = 0.420, Student's t test) between the subcutaneous and intraarticular indwelling groups (87 versus 89 minutes). Statistical analysis was performed using SPSS 1 for Windows 1 (Version 12.0; SPSS Inc, Chicago, IL).
Results
There was no difference between patients in the subcutaneous drain group and intraarticular drain group regarding hematologic parameters except drained volume via vacuum drainage ( Table 2 ). Mean drained volume via vacuum drainage was smaller (p \ 0.001) for patients in the subcutaneous indwelling group than for those in the intraarticular indwelling group (140 mL versus 352 mL). However, there was no difference between patients in the subcutaneous and intraarticular indwelling groups at 2 days (3.0 g/dL versus 3.3 g/dL, p = 0.079) and 5 days (3.3 g/ dL versus 3.7 g/dL, p = 0.094) postoperatively. Allogenic transfusion requirements between patients in the subcutaneous indwelling and intraarticular indwelling groups (4% versus 11%) were similar (p = 0.272). One patient in each group experienced a hypotension episode postoperatively, but both recovered after volume replacements without any residual medical problems. No group differences were observed in terms of hemoglobin recovery at 2, 6, and 12 weeks postoperatively from levels on the fifth postoperative day.
The two groups were comparable in terms of rates of wound problem incidences and functional outcomes (Table 3) . No patient in either group underwent additional surgery for any reason. We observed no group differences in functional outcomes (Table 4 ). There was no group difference in postoperative flexion contracture even after adjusting for preoperative flexion contracture (p = 0.910).
Discussion
The use of vacuum drainage in TKA to manage bleeding continues to be debated (Table 5) [1, 3, 10, 15, 18, 20, 22,  23, 28-30, 35, 36, 44 ]. Many surgeons place vacuum drainage to avoid bleeding-related complications, such as hemarthrosis, which allegedly is associated with increased infection, delayed rehabilitation, and wound-healing problems. However, this modality has the disadvantage of increasing blood loss [7, 18, 22, 29, 30, 44] . In contrast, some surgeons favor not placing an indwelling vacuum drain to avoid increased blood loss [1, 3, 10, 15, 20, 23, 28, 30, 35, 36] , although this strategy increases the risk of wound problems and the need for more frequent dressing reinforcement [18, 22, 29, 30] . We hypothesized that subcutaneous closed-suction drainage would be a potentially efficacious alternative to either intraarticular closedsuction drainage or no drain because it could exploit the advantages of both methods, namely, the drainage and the joint tamponade effects. We asked whether the subcutaneous indwelling method would reduce blood loss with comparable functional outcomes and wound problem incidences in comparison to the intraarticular indwelling method.
The findings of this study should be viewed after considering the following limitations. First, we did not include a group without closed-suction drainage, and therefore, we cannot conclude from this study whether intraarticular or subcutaneous closed drainage offers advantages or disadvantages in comparison to no drain. Furthermore, despite the lack of definitive proof regarding the advantages of vacuum drainage [1, 3, 10, 15, 20, 23, 28, 30, 35, 36] , many surgeons continue to use vacuum drainage after TKA to reduce the possibility of wound problems and the need for dressing reinforcement [7, 18, 22, 29, 30] . Our data showed that a subcutaneous closed suction drain resulted in outcomes equivalent to those of an intraarticular closed suction drain but, having no control group without a drain, could not address the value of either drainage method versus no drain. Second, we clamped our intraarticular drains for 2 hours after surgery and then kept drains open until 24 hours after surgery (at which time the drains were removed). Several studies have determined optimal drain clamping times, but recommendations varied and included no clamping [21] , clamping for 1 hour [37, 47] , 10-minute clamp releases every 2 hours [33] , clamping for 4 hours [41, 43] , and clamping for 20 hours [38] . We cannot comment on the effects of clamping time on the intraarticular indwelling method, but mean drained volume in our study (352 mL) compares with those (253-843 mL) reported previously [21, 33, 37, 38, 41, 43, 47] . Third, as mentioned above, our cohort size was sufficient to detect differences in drained volumes, hemoglobin level, and Data are presented as percentages of knees with a complication, with numbers of knees in parentheses. functional outcomes, but not differences in allogenic transfusion requirements, hypotension episodes, and wound problems. Finally, we did not measure intraoperative blood loss. We believed the amount of intraoperative blood loss would be negligible because all surgical procedures were performed with a pneumatic tourniquet inflated except when checking the presence of arterial bleeders before capsule closure. Our findings suggest, compared with intraarticular closed-suction drainage, subcutaneous closed-suction drainage involves equivalent blood loss with comparable wound problems and functional outcomes. The mean drained volume was lower in the subcutaneous indwelling group, but hemoglobin decreases at 2 and 5 days postoperatively were similar ( Table 2) . No difference was found in allogenic transfusion requirements. Furthermore, although we had expected faster hemoglobin recovery in the subcutaneous indwelling group, because some components required for hematopoiesis could be recruited from extravasated blood [40] , no group differences were found in terms of hemoglobin recovery variables. Our finding of similar blood loss in the subcutaneous indwelling group indicates whether the subcutaneous indwelling method exploits the joint tamponade effect of the no suction drainage method to a clinically meaningful extent remains to be answered. Nonetheless, the observation of smaller blood drainage in the subcutaneous group suggests, after TKA, more free blood is available for drain removal intraarticularly than is available subcutaneously. Subsequently, this finding of small blood drainage in the subcutaneous indwelling group indicates clinical values of a subcutaneous indwelling autotransfusion drain would be limited.
Our observations also suggest the two approaches have similar incidences of wound problems and similar functional outcomes. There were no differences in any of the parameters representing wound problems and functional outcomes ( Tables 3, 4 ). We cannot draw a solid conclusion regarding wound complications because of the insufficient power, but our experience during the past 3 years using this method has supported its safety in terms of wound complications. Several studies have concluded closed-suction drainage offers advantages over no drainage in terms of wound problems and dressing reinforcement requirements (Table 5) [18, 22, 29, 30] . Nonetheless, our study indicates removal of either intraarticular or subcutaneous blood by a postoperative drain does not create a clinical difference regarding transfusion rate, motion arc, or functional outcomes.
Our data suggest subcutaneous indwelling closed-suction drainage is similar to that for intraarticular indwelling closed-suction drainage with equivalent blood loss and no adverse effects on functional outcomes. Based on our findings, we propose subcutaneous closed suction drainage offers a reasonable alternative to intraarticular closed suction drainage after TKA. 
